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Alntroduction: Searching for new physics
with flavour

AExplaining the anomalous magnetic moment o
the muon with new physics

ﬁau and conseqguences for future measurements

ACorrelations with the electron AMM and
implications for the muon EDM

AFurther Flavour anomalies and future prospect:
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ADark Matter existence established at

cosmological scales New
- New weakly Interacting particleerEIgile (=X
ANeutrinos not exactly massless and

- Righthanded (sterile) neutrinos intera_Cttilons
AMiatter anti-matter asymmetry EXIST:
- Additional CP violating interactions

The SM must bextended!

Whatis theunderlying fundamental theory?
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Finding New Physics with Flavour (L) zine-

AAt colliders one produces many (up tot4)theavy quarks
or leptons and measures their decays into liffavours

% 104
1000|
Standard Model

100}

Flavour observables are sensitive to highe

Direct searches

energy scales thacollidersearches

AndreasCrivellin Paget



https://www.google.de/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwjDyfKcyv_gAhVSDOwKHfmcAqQQjRx6BAgBEAU&url=https://de.wikipedia.org/wiki/Datei:Universit%C3%A4t_Z%C3%BCrich_logo.svg&psig=AOvVaw0mGnqwg7i1FQzPvymXZvWV&ust=1552581890306287

RRRRRRRRRRRRRRRRRRRR

Muon Anomalous Magnetic Moment (=

A Single measurement from BNL
A Theory prediction sound but challenging
because of hadronic effects this workshop

Da, °270(895 10"

A Soon new experimental results from Fermilab
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Probability
for
statistical
fluctuation
< 0.0001%

Lepton
Flavour
Universality

Violation
(LFUV)
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Dipoles in the EFT

AEffective Hamiltonian

Hegg = ¢ 00,0, PrOFM + h.c.

AAnomalous magnetlc moment

(g, = e, Rec
AElectric Digole moment

de, = —21Im C%Ei
ARadiative Lepton decays

m3

Brlu — e9) = op (12 + I )

Processes intrinsically connected

Pager
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Explaining the Muon AMM B5

A Effect of the order of the EW-SM contribution
needed
> enhancement necessary

A Light particles

A Neutral scalars Huge
ANeutral vector (Z0 Ph
A ALP (axion like particle) “tgr%‘tu'ke

A Chiral enhancement: Chirality flip does
not come from the muon mass but rather
from a NP mass inside the loop

Light particlesor/and chiral enhancement
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tan(l3) enhancedleptonandsneutrinoloops
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Leptoquarks in a; BS

A Chirallyenhanced effects via tefmops
15 | | | | | |
/L
10 _
Left, right-
0.5 | O B=K*vv
1 B>K*vv (BELLE Il) handed
=00 | B Z»pp (LEP) muons.t()p
B Z-uyu (GigaZ) .
_05! | W Zopu (TLEP) Coupllng
W a,(20)
10 | @ bosuy
E. Leskow, A.G5 D'AmbrosioP. Muller
15l arXiv:1612.06858

15 -10 -05 00 05 10 15 P.Arnan D Becirevi¢cF Mescia, OSumensari
AL arXiv:1901.0631%hep-ph]

Ay =at future colliders
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A Chirallyenhancement ofn/m ,  Ac o miler, aviegand

M arxiv:1903.10440

Y. AbeT.Toma K. Tsumura
arxXiv:1904.10908

Cpa = 0.005

— ¢go = 0.003

— Cpa = 0.001

m /1 - tu excluded

m oa, 1 o (cg, =0.003)

M oa, 2 o (cge = 0.003)

Unavoidable constraintsom hi'hy >
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Future Implications of a , BE

_I'bx
hI'b_p

A
[z,wb”K:@Qi ;
O




Correlations with the
AMM of the electron

AC, M. Hoferichter, P. Schmidt-Wellenburg, arXiv:1807.11484

See also

H.DavoudiasIW. J. Marciano, arXiv:1806.10252
JiaLiu, Carlo&.M. Wagner, XiaBingWang, arXiv:1810.11028
X
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Electron AMM s

A AMM usually used to determine U

A With now best determination oft from Cs atoms
a;™ |, =1,159,652,181.61(23) x 107"

A Compared to the electron AMM measurement
Aa, = a®P — ™ = —0.88(36) x 10712

A Normalized to the lepton mass

Da P
3 g / D& 4130 or  0.006 @3/ 2. o
nf,/

m

m

m
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Common explanation of a; and a,

A Opposite sign: > no single light mediator

A No Minimal Flavour Violation:
> generic flavour structure

A New physics with common couplings to p and e

am?

Briu — ev] = 6 ‘1: |Aa,Aae] ~ 8 x 1077
el p

8 orders of magnitude too large

Muon and electron sector must be decouplef
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Model with new vector -like leptons BS

PAUL SCHERRER INSTITUT

MP=ME[GeV]

Re[kg]=1

1200F 1200¢
1000/ 1000/
800j = BOOj

[

O,
L oW r
600+ % 600}
L D =d r
400; 4001
200; 200;

0.00 ) .
W Aay,(10)

AS=A2

h-uu,ee excluded
B Z-uu.ee excluded

M LEP excluded

Works for a but tension with g
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Future experimental sensitivity B5

Dedicatedexperimentneeded?
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Implications for Muon EDM

é )

a.>0 )
smalla_.>0
\_ J Y,
4 N\
Generli
> 4

a,>0 :> chiral d. un-

<0 enhance constraine
_ -ment .

a>>0 4 )

a0 zero d
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Future Implications of a , BE

_I'bx




Including
LFVU

in ba f t



